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(57) ABSTRACT

An electrosurgical instrument with a movable fluid delivery
sheath assembly for varniable fluid supply during surgical
procedures 1s disclosed. The mstrument comprises at least
one active electrode and at least one return electrode, posi-
tioned on the mstrument distal end. The sheath assembly has
an outer sheath that 1s external to the instrument shaft, to
provide a lumen. The sheath assembly lumen 1s axially mov-
able between first and second positions relative to a fluid
delivery element, for varying target site treatment and fluid
delivery. In the first position the shait distal end 1s axially
distal to a leading edge of the sheath assembly. In the second
position the sheath assembly distal leading edge 1s positioned
axially adjacent or distal to the end of the shait. The fluid
delivery element comprises an inner lumen extending
through at least a portion of the shait, and at least one port
extending radially through the shaft. The port 1s 1n commu-
nication with the mner lumen. A tluid supply source provides
fluid through the port, sheath lumen and 1nner lumen.
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SYSTEM, METHOD AND APPARATUS FOR
ELECTROSURGICAL INSTRUMENT WITH
MOVABLE FLUID DELIVERY SHEATH

TECHNICAL FIELD

The present disclosure relates 1n general to electrosurgical
instruments and, in particular, to an electrosurgical instru-
ment with a fluid delivery device for controllably supplying
fluid to a treatment site. More particularly, the present disclo-
sure relates to a system, method and apparatus for an electro-
surgical instrument having active and return electrodes with a
movable tluid delivery sheath for vaniable fluid supply during
surgical procedures.

DESCRIPTION OF THE RELATED ART

In some electrosurgical procedures an instrument (see,
e.g., U.S. Pat. Nos. 5,683,366 and 6,235,020, which are incor-
porated herein by reference) has an active electrode and a
return electrode that are used to treat body tissue. Treatment
with this mstrument may include, for example, coagulation,
cutting, ablating, abrading or puncturing the tissue. In various
designs, a current path 1s created between the active and
return electrodes, thereby generating a limited plasma field
between the electrodes and applying the plasma to the tissue,
preferably without passing the current through the tissue. The
current path may be created by providing an electrically con-
ductive fluid at the target, or 1n some 1nstances immersing the
target site within electrically conductive fluid. It 1s preferred
that the electrically conductive fluid has suilicient conductiv-
ity such that the fluid 1s 1onized when subject to sufficient
radio frequency (RF) electrical energy to thereby form the
limited plasma. The conductive fluid path 1s an electrolyte,
such as saline, lactated ringers solution, or conductive gels.
One of the electrodes, referred to as the active electrode, 1s
designed to generate a higher current density relative to other
electrode, which 1s referred to as the return electrode. The
source ol the current 1s a high frequency voltage applied
across the electrodes.

In some electrosurgical procedures an electrosurgical
instrument (see, e.g., U.S. Pat. Nos. 6,159,208, 6,203,542

6,432,103 and 6,544,261 which are incorporated herein by
reference) has at least two active electrode mcluding at least
one ablation electrode, at least one coagulation electrode and
a return electrode that 1s used to treat body tissue and more
particularly these instruments are operable to create a channel
or hole into the target tissue. The present disclosure may
include an 1nstrument that 1s capable of performing a chan-
neling technique 1n which small holes or channels are formed
within tissue structures in the mouth, such as the tonsils,
tongue, palate and uvula, and thermal energy 1s applied to the
tissue surface immediately surrounding these holes or chan-
nels to cause thermal damage to the tissue surface, thereby
stiffening the surrounding tissue structure. Applicant has dis-
covered that such stiffening of certain tissue structures 1n the
mouth and throat helps to prevent the tissue structure from
obstructing the patient’s upper airway during sleep. It 1s pre-
terred that an electrically conductive flmid has suificient con-
ductivity such that the fluid 1s 10n1zed when subject to suili-
cient radio frequency (RF) electrical energy to thereby form a
limited plasma during use of the channeling instrument
described above.

Although separate or additional fluid delivery systems may
be employed for such applications described above, they add
significant cost and complication to such procedures, while
requiring multiple fluid delivery lines and crowding of the
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surgical area. Thus, an improved solution that overcomes the
limitations of the prior art would be desirable.

BRIEF SUMMARY OF THE INVENTION

Embodiments of a system, method, and apparatus for an
clectrosurgical mstrument having at least one active and at
least one return electrode with a movable fluid delivery sheath
for variable fluid supply during surgical procedures are dis-
closed. The electrosurgical fluid delivery apparatus has an
outer sheath that 1s external to a shaft to provide an annular
fluid delivery channel or lumen. The sheath assembly 1s axi-
ally slidable and movable relative to the fluid delivery element
between first and second positions for treating the target site
and controllable fluid delivery, respectively. The first position
comprises positioning the distal leading edge of the sheath
assembly axially proximal to the electrode assembly. The
second position may comprise positioning the distal leading
edge of the sheath assembly axially adjacent to the distal end
of the shait, or axially distal to the distal end of the shatt.

The fluud delivery element comprises an inner lumen
extending through a portion of the shaft, and at least one port
extending radially through the shaft. The at least one port1s 1n
fluild communication with the mner lumen. A fluid source
may be connected to the inner lumen for providing fluid
through the inner lumen and port. In one embodiment, the
sheath assembly comprises a tube that 1s slidably movable
relative to and concentric with the shaft. The tube defines an
annular space or outer lumen between the tube and the shaft
and has a radial seal. The radial seal 1s disposed between an
outer surface of the shaft and an inner surface of the tube and
sealingly engages the shaft and the tube.

In another embodiment, the sheath assembly has arange of
motion between the first and second positions that provides a
variable level of flmid delivery 1n the vicinity of the electrode
assembly. Preferably, the sheath assembly 1s movable to pro-
vide a minimal level of fluid delivery proximate the electrode
assembly 1n the first position, to a maximum level of fluid
delivery adjacent to the electrode assembly in the second
position. The fluid delivery element comprises an inner lumen
extending through a portion of the shatt, and first and second
plurality of ports extending radially through the shaft in fluid
communication with the inner lumen. The first and second
plurality of ports are preferably axially spaced apart. A fluid
source may be connected to the outer lumen proximal to the
radial seal. When the sheath assembly 1s 1n an intermediate or
second position, the fluid source may provide a sequential
fluid path through the outer lumen that 1s proximal to the
radial seal, the first plurality of ports, to the second plurality of
ports via the mner lumen and finally out through the outer
lumen that 1s distal to the radial seal.

This disclosure may further comprise a method for treating,
tissue including the steps of positioning an active electrode
adjacent to tissue and positioning a sheath assembly 1n a first
position. The first position creates a delivery region that 1s
proximal to the active electrode. A first high frequency volt-
age 1s then applied between the active electrode and a return
clectrode, and while this voltage 1s being applied, fluid may
be delivered to the region proximal to the active electrode.
The sheath assembly may then be advanced to a second
position, the second position creating a tluid delivery region
adjacent to the active electrode. A second high frequency
voltage between the first active electrode and return electrode
1s then applied while delivering tluid to the region adjacent to
the active electrode. The first and the second voltages levels
may be substantially similar.
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This disclosure may further comprise a method for creating,
a channel into tissue including the steps of positioning an
clectrode assembly comprising a first active electrode, a
return electrode and a coagulation electrode adjacent to the
target tissue. A sheath assembly 1s then retracted, the sheath
assembly being disposed adjacent to a fluid delivery element,
and wherein the retracting step may provide at least a portion
ol electrically conductive fluid at a position axially spaced
away from the first active electrode. A first hugh frequency
voltage 1s then applied between the first active electrode and
the return electrode and during at least a portion of the apply-
ing step, the active electrode 1s advanced into the tissue,
thereby creating a channel or hole in the tissue. At the same
time or sequential to applying the first voltage, a second high
frequency voltage may also be applied between the return
clectrode and the coagulation electrode. The electrode assem-
bly may then be retracted from the channel and the sheath
assembly may be advanced so as to provide at least a portion
of the electrically conductive tluid at a position adjacent to the
clectrode assembly. A third high frequency may then be
applied between the first active electrode and the return elec-
trode to ablate the surface of the tissue. The first, second and
third high frequency levels may all be substantially similar.

The foregoing and other objects and advantages of the
present disclosure will be apparent to those skilled in the art,
in view of the following detailed description of the present
invention, taken in conjunction with the appended claims and
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the features and advantages of
the present disclosure are attained and can be understood in
more detail, amore particular description of the apparatus and
methods briefly summarized above may be had by reference
to the embodiments thereof that are illustrated in the
appended drawings. However, the drawings 1illustrate only
some embodiments of this disclosure and therefore are not to
be considered limiting of 1ts scope as the disclosure may
admuit to other equally effective embodiments.

FIG. 1 1s a sectional side view of one embodiment of an
clectrosurgical instrument shown 1n a first position and 1s
constructed according to the teachings of the present disclo-
SUre;

FIG. 2 1s a sectional side view of the electrosurgical instru-
ment ol FIG. 1, shown 1n a second position, and 1s constructed
according to the teachings of the present disclosure;

FIGS. 3-5 are sectional side views of another embodiment
of an electrosurgical instrument shown 1n three different posi-
tions and 1s constructed according to the teachings of the
present disclosure;

FIGS. 6 and 7 are enlarged schematic sectional side views
of the electrosurgical mstrument of FIGS. 3-5 1n operation
and 1s constructed according to the teachings of the present
disclosure:

FIG. 8 1s a schematic diagram of one embodiment of a
system for operating an electrosurgical instrument and 1s
constructed according to the teachings of the present disclo-
SUre;

FIG. 9 15 a side view of one embodiment of an electrosur-
gical nstrument, constructed according to the teachings of
the present disclosure;

FIG. 10 shows a method of using an electrosurgical instru-
ment embodiment described 1n the present disclosure; and
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FIG. 11 shows a method of channeling 1nto tissue 1n accor-
dance with at least some embodiments.

DETAILED DESCRIPTION

Betore the present disclosure 1s described 1n detail, 1t 1s to
be understood that this 1s not limited to particular variations
set forth herein as various changes or modifications may be
made to the disclosure described and equivalents may be
substituted without departing from the spirit and scope of the
invention. As will be apparent to those of skill 1n the art upon
reading this disclosure, each of the individual embodiments
described and 1llustrated herein has discrete components and
features which may be readily separated from or combined
with the features of any of the other several embodiments
without departing from the scope or spirit of the present
ivention. In addition, many modifications may be made to
adapt a particular situation, material, composition of matter,
process, process act(s) or step(s) to the objective(s), spirit or
scope of the present invention. All such modifications are
intended to be within the scope of the claims made herein.

Methods recited herein may be carried out 1n any order of
the recited events which 1s logically possible, as well as the
recited order of events. Furthermore, where a range of values
1s provided, 1t 1s understood that every intervening value,
between the upper and lower limit of that range and any other
stated or intervening value 1n that stated range i1s encom-
passed within the invention. Also, it 1s contemplated that any
optional feature of the inventive variations described may be
set Torth and claimed independently, or 1n combination with
any one or more of the features described herein.

All existing subject matter mentioned herein (e.g., publi-
cations, patents, patent applications and hardware) 1s incor-
porated by reference herein 1n 1ts entirety except insofar as the
subject matter may contlict with that of the present disclosure
(in which case what 1s present herein shall prevail). The
referenced items are provided solely for their disclosure prior
to the filing date of the present application. Nothing herein 1s
to be construed as an admission that the present 1s not entitled
to antedate such material by virtue of prior invention.

Reference to a singular item, includes the possibility that
there are plural of the same 1tems present. More specifically,
as used herein and 1n the appended claims, the singular forms
“a,” “an,” “said” and “the” include plural referents unless the
context clearly dictates otherwise. It 1s further noted that the
claims may be drafted to exclude any optional element. As
such, this statement 1s intended to serve as antecedent basis
for use of such exclusive terminology as “solely,” “only” and
the like 1n connection with the recitation of claim elements, or
use of a “negative” limitation. Last, 1t 1s to be appreciated that
unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this mvention
belongs.

The treatment device of the present disclosure may have a
variety of configurations as described above. However, one
variation employs a treatment device using Coblation® tech-
nology.

As stated above, the assignee of the present disclosure
developed Coblation® technology. Coblation® technology
involves the application of a high frequency voltage differ-
ence between one or more active electrode(s) and one or more
return electrode(s) to develop high electric field intensities in
the vicinity of the target tissue. The high electric field inten-
sities may be generated by applying a high frequency voltage
that 1s suificient to vaporize an electrically conductive tluid
over at least a portion of the active electrode(s) 1n the region
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between the tip of the active electrode(s) and the target tissue.
The electrically conductive fluid may be a liquid or gas, such
as 1sotonic saline, blood, extracelluar or intracellular fluid,
delivered to, or already present at, the target site, or a viscous
fluid, such as a gel, applied to the target site.

When the conductive fluid 1s heated enough such that
atoms vaporize oilf the surface faster than they recondense, a
gas 1s formed. When the gas 1s sufficiently heated such that the
atoms collide with each other causing a release of electrons 1n
the process, an 1onized gas or plasma 1s formed (the so-called
“fourth state of matter’). Generally speaking, plasmas may be
formed by heating a gas and i1onizing the gas by driving an
clectric current through 1t, or by shining radio waves into the
gas. These methods of plasma formation give energy to free
clectrons 1n the plasma directly, and then electron-atom col-
lis1ons liberate more electrons, and the process cascades until
the desired degree of 1onization 1s achieved. A more complete

description of plasma can be found in Plasma Physics, by R.
J. Goldston and P. H. Rutherford of the Plasma Physics Labo-
ratory of Princeton University (1995), the complete disclo-
sure of which 1s incorporated herein by reference.

As the density of the plasma or vapor layer becomes sui-
ficiently low (1.e., less than approximately 1020 atoms/cm?3
for aqueous solutions), the electron mean free path increases
to enable subsequently imjected electrons to cause impact
ionization within the vapor layer. Once the 10onic particles 1n
the plasma layer have suilicient energy, they accelerate
towards the target tissue. Energy evolved by the energetic
clectrons (e.g., 3.5 eV to 5 eV) can subsequently bombard a
molecule and break 1ts bonds, dissociating a molecule 1nto
free radicals, which then combine into final gaseous or liquid
species. Often, the electrons carry the electrical current or
absorb the radio waves and, therefore, are hotter than the 10ns.
Thus, the electrons, which are carried away from the tissue
towards the return electrode, carry most of the plasma’s heat
with them, allowing the 10ons to break apart the tissue mol-
ecules 1n a substantially non-thermal manner.

By means of this molecular dissociation (rather than ther-
mal evaporation or carbonization), the target tissue structure
1s volumetrically removed through molecular disintegration
of larger organic molecules mto smaller molecules and/or
atoms, such as hydrogen, oxygen, oxides of carbon, hydro-
carbons and nitrogen compounds. This molecular disintegra-
tion completely removes the tissue structure, as opposed to
dehydrating the tissue material by the removal of liqud
within the cells of the tissue and extracellular fluids, as 1s
typically the case with electrosurgical desiccation and vapor-
1zation. A more detailed description of this phenomena can be
found in commonly assigned U.S. Pat. No. 5,697,882 the
complete disclosure of which 1s incorporated herein by ret-
erence.

In some applications of the Coblation® technology, high
frequency (RF) electrical energy 1s applied 1n an electrically
conducting media environment to shrink or remove (i.e.,
resect, cut, or ablate) a tissue structure and to seal transected
vessels within the region of the target tissue. Coblation®
technology 1s also useful for sealing larger arterial vessels,
¢.g., on the order of about 1 mm 1n diameter. In such appli-
cations, a high frequency power supply 1s provided having an
ablation mode, wherein a first voltage 1s applied to an active
clectrode suflicient to effect molecular dissociation or disin-
tegration of the tissue, and a coagulation mode, wherein a
second, lower voltage 1s applied to an active electrode (either
the same or a diflerent electrode) suilicient to heat, shrink,
and/or achieve hemostasis of severed vessels within the tis-
sue.
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The amount of energy produced by the Coblation® device
may be varied by adjusting a variety of factors, such as: the
number of active electrodes; electrode size and spacing; elec-
trode surface area; asperities and sharp edges on the electrode
surfaces; electrode materials; applied voltage and power; cur-
rent limiting means, such as inductors; electrical conductivity
of the tluid 1n contact with the electrodes; density of the fluid;
and other factors. Accordingly, these factors can be manipu-
lated to control the energy level of the excited electrons. Since
different tissue structures have different molecular bonds, the
Coblation® device may be configured to produce energy
suificient to break the molecular bonds of certain tissue but
insuificient to break the molecular bonds of other tissue. For
example, fatty tissue (e.g., adipose) has double bonds that
require an energy level substantially higher than 4 ¢V to 5 ¢V
(typically on the order of about 8 V) to break. Accordingly,
the Coblation® technology generally does not ablate or
remove such fatty tissue; however, it may be used to effec-
tively ablate cells to release the mner fat content 1n a liquad
form. Of course, factors may be changed such that these
double bonds can also be broken in a similar fashion as the
single bonds (e.g., increasing voltage or changing the elec-
trode configuration to increase the current density at the elec-
trode tips). A more complete description of this phenomena
can be found in commonly assigned U.S. Pat. Nos. 6,355,032,
6,149,120 and 6,296,136, the complete disclosures of which
are incorporated herein by reference.

The active electrode(s) of a Coblation® device may be
supported within or by an 1norganic insulating support posi-
tioned near the distal end of the instrument shaft. The return
clectrode may be located on the instrument shatt, on another
instrument or on the external surface of the patient (i.e., a
dispersive pad). The proximal end of the instrument(s) will
include the appropnate electrical connections for coupling
the return electrode(s) and the active electrode(s) to a high
frequency power supply, such as an electrosurgical generator.

In one example of a Coblation® device for use with the
present disclosure, the return electrode of the device 1s typi-
cally spaced proximally from the active electrode(s) a suit-
able distance to avoid electrical shorting between the active
and return electrodes 1n the presence of electrically conduc-
tive fluid. In many cases, the distal edge of the exposed
surface of the return electrode 1s spaced about 0.5 mm to 25
mm from the proximal edge of the exposed surface of the
active electrode(s), preferably about 1.0 mm to 5.0 mm. Of
course, this distance may vary with different voltage ranges,
conductive fluids, and depending on the proximity of tissue
structures to active and return electrodes. The return electrode
will typically have an exposed length in the range of about 1
mm to 20 mm.

A Coblation® treatment device for use according to the
present disclosure may use a single active electrode or an
array of active electrodes spaced around the distal surface of
a catheter or probe. In the latter embodiment, the electrode
array usually includes a plurality of independently current-
limited and/or power-controlled active electrodes to apply
clectrical energy selectively to the target tissue while limiting
the unwanted application of electrical energy to the surround-
ing tissue and environment resulting from power dissipation
into surrounding electrically conductive fluids, such as blood,
normal saline, and the like. The active electrodes may be
independently current-limited by 1solating the terminals from
cach other and connecting each terminal to a separate power
source that 1s 1solated from the other active electrodes. Alter-
natively, the active electrodes may be connected to each other
at either the proximal or distal ends of the catheter to form a
single wire that couples to a power source.
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In one configuration, each individual active electrode in the
clectrode array 1s electrically insulated from all other active
clectrodes 1n the array within the mstrument and 1s connected
to a power source which 1s 1solated from each of the other
active electrodes 1n the array or to circuitry which limits or
interrupts current flow to the active electrode when low resis-
tivity material (e.g., blood, electrically conductive saline 1rri-
gant or electrically conductive gel) causes a lower impedance
path between the return electrode and the individual active
clectrode. The 1solated power sources for each individual
active electrode may be separate power supply circuits having
internal impedance characteristics which limit power to the
associated active electrode when a low impedance return path
1s encountered. By way of example, the 1solated power source
may be a user selectable constant current source. In this
embodiment, lower impedance paths will automatically
result 1 lower resistive heating levels since the heating 1s
proportional to the square of the operating current times the
impedance. Alternatively, a single power source may be con-
nected to each of the active electrodes through independently
actuatable switches, or by independent current limiting ele-
ments, such as inductors, capacitors, resistors and/or combi-
nations thereof. The current limiting elements may be pro-
vided in the instrument, connectors, cable, controller, or
along the conductive path from the controller to the distal tip
of the instrument. Alternatively, the resistance and/or capaci-
tance may occur on the surtace of the active electrode(s) due
to oxide layers which form selected active electrodes (e.g.,
titanium or a resistive coating on the surface of metal, such as
platinum).

The Coblation® device 1s not limited to electrically 1so-
lated active electrodes, or even to a plurality of active elec-
trodes. For example, the array of active electrodes may be
connected to a single lead that extends through the catheter
shaft to a power source of high frequency current.

The voltage difference applied between the return elec-
trode(s) and the active electrode(s) will be at high or radio
frequency, typically between about 5 kHz and 20 MHz, usu-
ally being between about 30 kHz and 2.5 MHz, preferably
being between about 50 kHz and 500 kHz, often less than 350
kHz, and often between about 100 kHz and 200 kHz. In some
applications, applicant has found that a frequency of about
100 kHz 1s usetul because the tissue impedance 1s much
greater at this frequency. In other applications, such as pro-
cedures 1 or around the heart or head and neck, higher
frequencies may be desirable (e.g., 400-600 kHz) to minimize
low frequency current flow 1nto the heart or the nerves of the
head and neck.

The RMS (root mean square) voltage applied will usually
be 1n the range from about 5 volts to 1000 volts, preferably
being 1n the range from about 10 volts to 500 volts, often
between about 150 volts to 400 volts depending on the active
clectrode size, the operating frequency and the operation
mode of the particular procedure or desired etlect on the
tissue (1.e., contraction, coagulation, cutting or ablation.)

Typically, the peak-to-peak voltage for ablation or cutting,
with a square wave form will be 1n the range of 10 volts to
2000 volts and preferably in the range of 100 volts to 1800
volts and more preferably in the range of about 300 volts to
1500 volts, often 1n the range of about 300 volts to 800 volts
peak to peak (again, depending on the electrode size, number
of electrons, the operating frequency and the operation
mode). Lower peak-to-peak voltages will be used for tissue
coagulation, thermal heating of tissue, or collagen contrac-
tion and will typically be in the range from 30 to 1500,
preferably 100 to 1000 and more preferably 120 to 400 volts
peak-to-peak (again, these values are computed using a
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square wave form). Higher peak-to-peak voltages, e.g.,
greater than about 800 volts peak-to-peak, may be desirable
for ablation of harder material, such as bone, depending on
other factors, such as the electrode geometries and the com-
position of the conductive fluid.

As discussed above, the voltage 1s usually delivered 1n a
series of voltage pulses or alternating current of time varying,
voltage amplitude with a sufficiently high frequency (e.g., on
the order of 5 kHz to 20 MHz) such that the voltage 1s
clfectively applied continuously (as compared with, e.g.,
lasers claiming small depths of necrosis, which are generally
pulsed about 10 Hz to 20 Hz). In addition, the duty cycle (1.¢.,
cumulative time 1n any one second interval that energy 1s
applied) 1s on the order of about 50% for the present disclo-
sure, as compared with pulsed lasers which typically have a
duty cycle of about 0.0001%.

The preferred power source of the present disclosure deliv-
ers a high frequency current selectable to generate average
power levels ranging from several milliwatts to tens of watts
per electrode, depending on the volume of target tissue being
treated, and/or the maximum allowed temperature selected
for the instrument tip. The power source allows the user to
select the voltage level according to the specific requirements
of a particular neurosurgery procedure, cardiac surgery,
arthroscopic surgery, dermatological procedure, ophthalmic
procedures, open surgery or other endoscopic surgery proce-
dure. For cardiac procedures and potentially for neurosur-
gery, the power source may have an additional filter, for
filtering leakage voltages at frequencies below 100 kHz, par-
ticularly voltages around 60 kHz. Alternatively, a power
source having a higher operating frequency, e¢.g., 300 kHz to
600 kHz may be used 1n certain procedures in which stray low
frequency currents may be problematic. A description of one
suitable power source can be found 1n commonly assigned
U.S. Pat. Nos. 6,142,992 and 6,235,020, the complete disclo-
sure of both patents are incorporated herein by reference for
all purposes.

The power source may be current limited or otherwise
controlled so that undesired heating of the target tissue or
surrounding (non-target) tissue does not occur. In a presently
preferred embodiment of the present invention, current lim-
iting inductors are placed in series with each independent
active electrode, where the inductance of the inductor 1s 1n the
range of 10 uH to 50,000 uH, depending on the electrical
properties of the target tissue, the desired tissue heating rate
and the operating frequency. Alternatively, capacitor-induc-
tor (LLC) circuit structures may be employed, as described
previously 1n U.S. Pat. No. 35,697,909, the complete disclo-
sure of which 1s incorporated herein by reference. Addition-
ally, current-limiting resistors may be selected. Preferably,
these resistors will have a large positive temperature coetii-
cient of resistance so that, as the current level begins to rise for
any individual active electrode 1n contact with a low resis-
tance medium (e.g., saline irrigant or blood), the resistance of
the current limiting resistor increases significantly, thereby
minimizing the power delivery from said active electrode into
the low resistance medium (e.g., saline 1rrigant or blood).

Referring now to FIGS. 1-8, embodiments of a system,
method and apparatus for an electrosurgical instrument hav-
ing at least one active electrode and a return electrode with a
movable fluid delivery sheath for variable fluid delivery dur-
ing surgical procedures are disclosed. FIGS. 1 and 2 1llustrate
one embodiment of an electrosurgical fluid delivery appara-
tus 21 having an outer sheath 23 and grip 24 that 1s external to
an strument shatt 25 to provide an annular fluid delivery
channel 27 or lumen. The distal terminus 29 of outer sheath 23
defines an annular fluid egress at a moveable location relative
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to electrode assembly 32. In FIG. 1 distal terminal or distal
leading edge 29 1s shown proximal to electrode assembly 32.

The direction of flow of flmid during use of apparatus 21 1s
indicated by the arrows. Electrically conductive fluid sup-
plied to the distal end of apparatus 21 forms a current flow
path between active electrodes 362 or 380 and return elec-
trode 360, and may facilitate generation of plasma in the
vicinity of active electrodes 362 or 380, as described herein-
above. Provision of an electrically conductive fluid may be
particularly valuable 1 a dry field situation (e.g., in situations
where there 1s a paucity of native electrically conductive
bodily fluids, such as blood, synovial fluid, etc.). The electri-
cally conductive fluid may be aspirated or removed from the
distal end of apparatus 21 by a separate device (not shown).

The fluid delivery apparatus 21 may deliver fluid to a target
site. For example, during an electrosurgical ablative proce-
dure, 1t may be desirable to deliver electrically conductive
fluid, to the target site to control the rate of ablation. It may
also be desirable not only to control the rate of fluid delivery
but also the location or dispersion level of the fluid delivery
relative to the tissue treatment site. For example, 1t may be
desirably to have the tluid delivery directed closer to the tissue
treatment site (as shown 1n FIG. 2.) or alternatively dispersed
around the tissue target site area (as shown in FIG. 1). As
described more so 1n the description above, the tissue effect
and eflicacy of any vapor layer may be altered by many
factors, including but not limited to the quantity of flmud
supplied but also the location or dispersion level of the fluid
relative to the treatment site.

The outer sheath 23, or sheath assembly, may be disposed
adjacent to the fluid delivery element 22. The sheath assembly
23 1s axially movable relative to the fluid delivery element 22
between a first position (FIG. 1) for treating the target site
with minimal fluid delivery which may be dispersed further
away Ifrom the target site and a second position (FIG. 2) for
increased fluid delivery, where the fluid may also be directed
closer to the target site. The first position may comprise
positioning a distal leading edge 29 of the sheath assembly 23
axially proximal to the electrode assembly 32 or the distal end
portion 33 of the shaft 25. The second position may comprise
positioning the distal leading edge 29 of the sheath assembly
23 axially adjacent to the distal end portion 33 of the shatt 25,
or alternatively axially distal to the distal end portion 33 of the
shaft 25.

The fluid delivery element 22 may comprise an inner
lumen 35 extending through a portion of the shaft 25, and at
least one port 37 (e.g., three shown) extending radially
through the shaft 25. The port(s) 37 are 1n tluid communica-
tion with the inner lumen 35 as well as outer lumen 27,
thereby creating a fluid delivery path in the annular space
surrounding shait 235 and defined by sheath assembly 23 and
seals 41. A conductive fluid source 39 (shown schematically)
1s connected to the mner lumen 33 for providing fluid though
inner lumen 35, though the port(s) 37 and via outer lumen 27
to the egress located at distal leading edge 29. The port 37
may comprise a plurality of ports that are located adjacent or
slightly proximal to the distal end portion 33 of the shaft 25
and axially spaced from the electrode assembly 32.

In one embodiment, the sheath assembly 23 comprises a
tube that 1s slidably movable relative to and concentric with
the shatt 25. Grip 24 may be disposed on sheath assembly 23
in certain embodiments to provide an ergonomic interface for
the user (e.g., with the user’s finger) in order to ease move-
ment and sliding of sheath assembly 23. The sheath 23 defines
an annular space or outer lumen 27 between the tube and the
shaft 25 and has at least one radial seal 41. The radial seal 41

1s disposed between an outer surface of the shait 25 and an
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inner surface of the sheath 23 and sealingly engages the shaft
25 and the sheath 23. The radial seal 41 may comprise a
plurality of o-rings that are seated 1n an axial series of radial
grooves 43 formed 1n the mner surface of the sheath 23, with
the radial grooves 43 being axially spaced from each other.

In the first position illustrated 1n FI1G. 1, sheath assembly 23
1s positioned to create a relatively low rate of fluid delivery 1in
proximity to the target site and the area 1n the vicimity of the
clectrode assembly 32. In this first position, minimal fluid 1s
delivered to the electrode assembly area 32, as 1t disperses
away from the target area and a less effective vapor layer may
be formed around the electrode assembly 32. Sheath assem-
bly 23 may be deployed 1n the first position i1llustrated 1n FIG.
1 1f the user detects the ablative effect on the target tissue 1s
too 1ntense, as the decreased fluid delivery may mitigate the
elficacy of the vapor layer and plasma formed at electrode
assembly 32. Alternatively, in the second position 1llustrated
in FIG. 2, edge 29 of sheath assembly 23 is positioned adja-
cent to or distal to electrode assembly 32 to create a larger
fluid delivery field and a relatively higher delivery rate
directed to the target site and 1n the vicimity of electrode
assembly 32. In this second position, sheath assembly 23 1s
deployed for a considerable rate of delivery, to create a more
elfective vapor layer and potentially a more efficient tissue
ablation.

Electrode assembly 32 illustrates an electrode assembly
embodiment often used for forming holes or channels in the
tissues such as turbinates, soit palate tissue, tongue or tonsils,
with the methods described 1n detail below. Namely, a high
frequency voltage difference i1s applied between active and
return electrodes 362, 360, respectively, in the presence of an
clectrically conductive fluid such that an electric current
passes from the active electrode 362, through the conductive
fluid, to the return electrode 360. The voltage 1s suilicient to
vaporize the fluid around active electrode assembly 32 to
form a plasma with suificient energy to effect molecular
dissociation of the tissue. The distal end portion 33 1s then
axially advanced through the tissue as the tissue 1s removed
by the plasma 1n front of the end portion 33. It may be desired
in some procedures to increase the thermal damage caused to
the tissue surrounding hole or channel to coagulate any blood
vessels exposed during channeling. Flectrical current 1s
therefore then passed through coagulation electrode 380 and
return electrodes 360, which both have relatively large,
smooth exposed surfaces to minimize high current densities
at their surfaces, which minimizes damage to the surface of
hole or channel.

Referring now to the embodiments of FIGS. 3-7, instru-
ment 121 including sheath assembly 123 may be provided
with a range of motion between the first and second positions
that provides a variable level of fluid delivery at variable
dispersion levels. Sheath assembly 123 1s preferably slidable
between a first deployed position where a minimal level of
fluad delivery occurs (FIGS. 3 and 6), to a second deployed
position where a maximum level of fluid delivery (FIGS. 5
and 7). An intermediate level of fluid delivery 1s depicted 1n
FIG. 4.

In these embodiments, the fluid delivery element 122 com-
prises an inner lumen 135 extending through a portion of the
shaft 125, and may terminate at the distal port 137. First and
second ports, 137 and 138 extend radially through the shaft
125 1 fluid communication with the inner lumen 135. The
first and second ports, 137 and 138 are located on or adjacent
to opposite axial ends of the mner lumen 135. The sheath
assembly 123 comprises a tube that 1s slidably movable rela-
tive to and concentric with the shait 125. Grip 124 may be
disposed on sheath assembly 123 1n certain embodiments to
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provide an ergonomic interface for the user (e.g., with the
user’s finger) 1n order to ease movement and sliding of sheath
assembly 123. The sheath 123 defines an annular space or
outer lumen 127 between the sheath 123 and the shaft 125 and
has at least one radial seal 141. The radial seal 141 1s disposed
in the outer lumen 127 between an outer surface of the shaft
125 and an imner surface of the sheath 123 and sealingly
engages the shaft 125 and the tube 123.

A fluid source 139 (e.g., indicated schematically) 1s con-
nected to the outer lumen 1275 proximal to the radial seal
141. Referring now to FIG. 3, sheath assembly 123 1s
deployed such that seals 141 are disposed proximally of both
the first and second ports 137, 138. In this configuration, no
fluid delivery chamber 1s formed in the annular space between
sheath assembly 123 and shaft 125 and distal seals 141, such
that fluid delivery may be minimal. In this configuration, first
and second ports, 137 and 138 are at the same pressure with
no net fluid tflow therebetween and thereby fluidly bypassed
by way of seals 141 1solating the first and second ports, 137
and 138 from the fluid delivery chamber and the portion of
outer lumen 127 connected to fluid source 139. When the
sheath assembly 123 1s in the mtermediate position (FIG. 4)
or 1n the second position (FIGS. 5 and 7), the fluid source 139
provides a sequential fluid delivery path through outer lumen
12775, proximal to seals 141, proximal ports 138, inner lumen
135, distal ports 137 and outer lumen 127a that 1s distal to the
radial seal 141.

In the first position illustrated 1n FIGS. 3 and 6, sheath
assembly 123 1s positioned to create a relatively low rate of
fluad dehvery through 1nner lumen 1335 to the target site and
the area 1n the vicinity of the electrode terminal. Additionally,
the relatively low fluid delivery rate 1n the vicinity of elec-
trode assembly 132 inhibits the formation of an effective
vapor layer and more efficient plasma for tissue treatment and
ablation. Alternatively, 1n the second position 1llustrated 1n
FIGS. 5 and 7, a distal edge of sheath assembly 123 is posi-
tioned adjacent to or distal to electrodes assembly 132 and in
proximity to the target site to create more tluid being deliv-
ered to the target site and 1n vicinity of electrode assembly
132. As such, sheath assembly 123 1s deployed for a consid-
erable rate of fluid delivery and to focus the delivery of fluid
to the target site and adjacent to electrode assembly 132.
Further, sheath assembly 123 may be deployed in the second
position illustrated 1n FIGS. 5 and 7 if the user detects the
ablative effect on the target tissue 1s not suiliciently intense, as
the increased tluid may improve the efficacy of the vapor layer
and plasma formed at electrode assembly 132.

FIG. 6 also shows a schematic example of the electrode
assembly 132 channeling into tissue. Sheath 123 1s 1n the first
position, so as to provide minimal fluid delivery 1n proximity
to the electrode assembly 132. During channeling, ablative
active electrode 362 may be used to create the channeling
elfect and coagulation electrode 380 may be activated to
coagulate any blood vessels (not shown here) exposed during
ablation. FIG. 7 shows a schematic of an electrosurgical
instrument 121 treating target tissue at the tissue surface. The
user may chose to apply energy through only one active
clectrode 362 as shown 1n this example.

Referring now to FIG. 8, an exemplary electrosurgical
system 801 for treatment of tissue 1n “dry fields™ 1s shown.
System 801 also may be used 1n a “wet field,” 1.e., the target
site 1s 1immersed in electrically conductive fluid. However,
this system 1s particularly usetul 1n dry fields where the fluid
1s preferably delivered through an electrosurgical probe 821
to the target site. As shown, electrosurgical system 801 gen-
erally comprises an electrosurgical hand piece or probe 821
connected to a power supply 803 for providing high fre-
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quency voltage to a target site and a fluid source 805 for
supplying electrically conductive fluid 807 to probe 821. In
addition, electrosurgical system 801 may include an endo-
scope (not shown) with a fiber optic head light for viewing the
surgical site, particularly 1n sinus procedures or procedures 1n
the ear or the back of the mouth. The endoscope may be
integral with probe 821, or it may be part of a separate 1nstru-
ment. A fluid aspirator (not shown) may also be used to
aspirate any fluid away from the surgical site.

As shown, probe 821 generally includes a proximal handle
811 and an clongate shait 825 having an electrode assembly
832 at 1ts distal end. A connecting cable 815 has a connector
816 for electrically coupling the electrodes assembly 832 to
power supply 803. The electrode assembly 832 comprises at
least two electrodes, that are electrically 1solated from each
other and each of the terminals 1s connected to an active or
passive control network within power supply 803 by means of
a plurality of individually insulated conductors (not shown).
A fluid supply tube 817a may be connected to a fluid pump
840 which 1s then connected to fluid tube 818 via fluid supply
tube 8175 for supplying electrically conductive tluid 807 to
the target site. Fluid tube 818 1s fluidly coupled with an inner
lumen (not shown here) of probe 821. Fluid pump 840 may
comprise a positive displacement pump such as, for example,
a peristaltic pump. The system 801 may also include a
vacuum source as described herein that 1s coupled to a sepa-
rate suction lumen or external tube for aspirating fluid from
the target site. This suction lumen 1s not shown here.

Power supply 803 may comprise an operator controllable
voltage level adjustment 819 to change the applied voltage
level, which i1s observable at a voltage level display 821.

Power supply 803 also includes first, second and third foot
pedals 823, 825, 827 and a cable 829 that is removably

coupled to power supply 803. The foot pedals 823, 825, 827
allow the surgeon to remotely adjust the energy level applied
to electrode assembly 832. In an exemplary embodiment, first
foot pedal 823 i1s used to place the power supply into the
ablation mode and second foot pedal 825 places power supply
803 into the “coagulation” mode. The third foot pedal 827
allows the user to adjust the voltage level within the “abla-
tion” mode.

In the ablation mode, a sufficient voltage 1s applied to the
active electrodes to establish the requisite conditions for
molecular dissociation of the tissue (1.e., vaporizing a portion
ol the electrically conductive fluid, 1onm1zing charged particles
within the vapor layer, and accelerating these charged par-
ticles against the tissue). As discussed above, the requisite
voltage level for ablation will vary depending on the number,
s1ze, shape and spacing of the electrodes, the distance to
which the electrodes extend from the support member, etc.
Once the surgeon places the power supply 1n the ablation
mode, voltage level adjustment 819 or third foot pedal 827
may be used to adjust the voltage level to adjust the degree or
aggressiveness of the ablation.

Of course, 1t will be recognized that the voltage and modal-
ity of the power supply may be controlled by other input
devices. However, applicant has found that foot pedals are
convenient methods of controlling the power supply while
mampulating the probe during a surgical procedure.

In the coagulation mode, the power supply 803 applies a
low enough voltage to the active electrodes (or the coagula-
tion electrode) to avoid vaporization of the electrically con-
ductive fluid and subsequent molecular dissociation of the
tissue. The surgeon may automatically toggle the power sup-
ply between the ablation and coagulation modes by alter-
nately stepping on foot pedals 823, 825, respectively. This
allows the surgeon to quickly move between coagulation and
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ablation 1n situ, without having to remove his/her concentra-
tion from the surgical field or without having to request an
assistant to switch the power supply.

By way of example, as the surgeon 1s sculpting soft tissue
in the ablation mode, the probe typically may simultaneously
seal and/or coagulate small severed vessels within the tissue.
However, larger vessels, or vessels with high fluid pressures
(e¢.g., arterial vessels) may not be sealed 1n the ablation mode.
Accordingly, the surgeon can simply actuate foot pedal 825,
automatically lowering the voltage level below the threshold
level for ablation, and apply sullicient pressure onto the sev-
ered vessel for a sufficient period of time to seal and/or coagu-
late the vessel. After this 1s completed, the surgeon may
quickly move back into the ablation mode by actuating foot
pedal 823.

FIG. 9 illustrates an embodiment of electrosurgical probe
350 mcorporating an electrode assembly 372 having one or
more active electrode(s) 362 and a proximally spaced return
clectrode 360. Return electrode 360 1s typically spaced about
0.5 to 25 mm, preferably 1.0 to 5.0 mm from the active
clectrode(s) 362, and has an exposed length of about 1 to 20
mm. In addition, electrode assembly 372 may include a sec-
ond active electrode 380 separated from return electrode 360
by an electrically insulating spacer 382. In this embodiment,
handle 354 includes a switch 384 for toggling probe 3350
between at least two different modes, an ablation mode and a
subablation or thermal heating mode. In the ablation mode,
voltage 1s applied between active electrode(s) 362 and return
clectrode 360 1n the presence of some electrically conductive
fluid, as described above. In the ablation mode, electrode 380
1s deactivated. In the thermal heating or coagulation mode,
active electrode(s) 362 may be deactivated and a voltage
difference 1s applied between electrode 380 and electrode 360
such that a high frequency current 370 flows therebetween.
Alternatively, active electrode(s) 362 may not be deactivated
as the higher resistance of the smaller electrodes may auto-
matically send the electric current to electrode 380 without
having to physically decouple electrode(s) 362 from the cir-
cuit. In the thermal heating mode, a lower voltage is typically
applied below the threshold for plasma formation and abla-
tion, but sullicient to cause some thermal damage to the tissue
immediately surrounding the electrodes without vaporizing
or otherwise debulking this tissue so that the current 370
provides thermal heating and/or coagulation of tissue sur-
rounding electrodes 360, 380.

Sheath assembly 323 1s shown 1n a first position, wherein
the fluid delivery region 1s proximal to the electrode assembly
372 and wherein minimal fluid 1s being delivered to the elec-
trode assembly 372. Sheath 323 may be adjusted to alternate
positions using grip 324, so as to deliver more fluid 1n alter-
nate locations. A fluid source 339 (e.g., indicated schemati-
cally) 1s connected to the outer lumen 327, and 1n this first
position shown 1 FIG. 9, minimal fluid may travel through
lumen 327 due to the relative positions of the seals 341 and
ports 338.

Referring now to FIG. 10, a method (1000) for treating
tissue 1n accordance with at least some of the embodiments
described herein 1s illustrated, including the steps of: posi-
tioming a first active electrode adjacent to tissue (1010); posi-
tioming a sheath assembly 1n a first position, the first position
creating an fluid delivery region proximal to the first active
clectrode (1020); applying a first high frequency voltage
between the first active electrode and a return electrode
(1030); while applying the first high frequency voltage, deliv-
ering fluid to the region proximal to the first active electrode
(1040); positioning the sheath assembly 1n a second position,
the second position creating a delivery region adjacent to the
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active electrode (1050); applying a second high frequency
voltage between the first active electrode and a return elec-
trode (1060); while applying the second high frequency volt-
age, delivering fluid to the region adjacent to the active elec-
trode (1070).

Referring now to FIG. 11, a method 1100 for creating a
channel into tissue in accordance with at least some of the
embodiments described herein i1s illustrated, including the
steps of: positioning an electrode assembly comprising a first
active electrode, a return electrode and a coagulation elec-
trode adjacent to tissue (1110); retracting a sheath assembly
disposed adjacent to a fluid delivery element, wherein the
retracting step delivers at least a portion of electrically con-
ductive fluid at a position axially spaced away from the first
active electrode (1115); applying a first high frequency volt-
age between the first active electrode and the return electrode;
during at least a portion of the applying step, advancing the
active electrode into the tissue to create a channel (1120);
applying a second high frequency voltage between the return
clectrode and coagulation electrode (1125); retracting the
clectrode assembly out of the channel (1130); advancing the
sheath assembly disposed adjacent to the fluid delivery ele-
ment, wherein the advancing step delivers at least a portion of
the electrically conductive fluid at a position adjacent to the
first active electrode (10335); and applying a high frequency
between the first active electrode and the return electrode to
ablate the surface of the tissue (1040).

While the invention has been shown or described 1n only
some of 1ts forms, i1t should be apparent to those skilled 1n the
art that it 1s not so limited, but 1s susceptible to various
changes without departing from the scope of the ivention.

We claim:

1. A system for treating tissue, comprising:

an electrosurgical instrument having a shaft with a proxi-
mal end and a distal end portion;

an electrode assembly positioned on the distal end portion
of the shaft comprising at least one active electrode and
at least one return electrode axially spaced from the at
least one active electrode;

a fluid delivery element for delivering electrically conduc-
tive fluid to the active electrode comprising an inner
lumen extending through a portion of the shaft, and first
and second ports extending radially through the shatt in
fluid communication with the inner lumen; and

a sheath assembly disposed adjacently to the fluid delivery
clement and comprising at least one radial seal to seal-
ingly engage the shait and the sheath assembly, the
sheath assembly being axially moveable relative to the
fluid delivery element from a first position to a second
position;

wherein the fluid delivery element further comprises a fluid
source connected to the sheath assembly proximal to the
at least one radial seal and, when the sheath assembly 1s
in the second position, the flud source flows through a
sequential fluid delivery path, through the sheath assem-
bly proximal to the at least one radial seal, the first port,
the inner lumen, the second port, the sheath assembly
that 1s distal to the radial seal and via a distal opening
disposed adjacent the electrode assembly.

2. A system according to claim 1, wherein a distal leading
edge of the sheath assembly 1s spaced axially proximal from
the distal end portion of the shaft when the sheath assembly 1s
in the first position, and the distal leading edge of the sheath
assembly 1s disposed substantially axially adjacent to the
distal end portion of the shaft when the sheath assembly 1s 1n
the second position.
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3. A system according to claim 1, wherein the first port
comprises a plurality of ports that are located axially adjacent
the distal end portion of the shaft and axially spaced from the
clectrode assembly.

4. A system according to claim 1, wherein the sheath
assembly comprises a tube that 1s slidably movable relative to
and concentric with the shaft, the tube defining an outer

lumen between the tube and the shaft and the at least one
radial seal being disposed between an outer surface of the
shaft and an inner surface of the tube and sealingly engaging
the shaft and the tube.

5. A system according to claim 4, wherein the at least one
radial seal comprises a plurality of o-rings that are seated in an
axial series of radial grooves formed in the inner surface of the
tube, the radial grooves being axially spaced from each other.

6. A system according to claim 1, the first position operable
to deliver flud at a distance spaced away from the electrode
assembly and the second position operable to deliver fluid
adjacent to the active electrode.

7. A system according to claim 1, wherein the sheath
assembly has a range of motion between the first and second
positions that provides a variable level of fluid delivery, from
a minimal level of flmid delivery in the first position, to a
maximum level of fluid delivery 1n the second position.

8. A system for treating tissue, comprising;:

an electrosurgical instrument having a shatt with a proxi-

mal end and a distal end portion;

an electrode assembly positioned on the distal end portion

of the shaft comprising at least one active electrode and
at least one return electrode axially spaced from the at
least one active electrode:

a fluid delivery element for delivering electrically conduc-

tive fluid to the active electrode; and

a sheath assembly disposed adjacently to the fluid delivery

clement, the sheath assembly being axially moveable
relative to the fluid delivery element from a first position
to a second position;

wherein the fluid delivery element comprises an inner

lumen extending through a portion of the shaft, and first
and second ports extending radially through the shaft in
fluid communication with the inner lumen, the first and
second ports axially spaced apart; and

wherein the sheath assembly comprises a tube that 1s slid-

ably movable relative to and concentric with the shaft,
the tube defining an outer lumen between the tube and
the shaft and having at least one radial seal, the at least
one radial seal being disposed in the outer lumen
between an outer surface of the shait and an 1nner sur-
face of the tube and sealingly engaging the shaft and the
tube;

and further comprising a flmd source connected to the

outer lumen proximal to the radial seal and, when the
sheath assembly 1s 1n the second position, the fluid
source provides a sequential fluid delivery path through
the outer lumen proximal to the radial seal, the first port,
the mnner lumen, the second port, the outer lumen that 1s
distal to the radial seal and via a distal opening disposed
at the distal end of the shatt.

9. A system according to claim 1, wherein the first and
second ports each comprise a plurality of ports, with the
second port being located adjacent the distal end portion of
the shait and axially spaced from the electrode assembly, and
the first port being located proximal to the second port.

10. A system according to claim 1, wherein the electrode
assembly comprises an ablation electrode and a coagulation
clectrode, wherein the ablation electrode and the coagulation
clectrode are spaced axially from the return electrode.

11. An electrosurgical instrument for removing tissue from
a target site within or on a patient’s body comprising:
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a shaft having proximal and distal end portion;
an electrode assembly comprising at least one active elec-

trode positioned on the distal end portion of the shaft and
a return electrode positioned on the shaft and axially
spaced from the at least one active electrode;

a fluid delivery element for delivering fluid to the target
site, the fluid delivery element comprising an inner
lumen disposed along a portion of the shait and a first
and second plurality of orts extending radially through
the shatt, the plurality of ports 1n fluid communication
with the inner lumen;

a movable sheath assembly disposed adjacent to the shait
and defining an annular space around the shaft, the annu-
lar space having at least one radial seal disposed therein,
the sheath assembly having a leading edge and being
movable from a first position wherein the leading edge 1s
retracted proximally from the electrode assembly to a
second position wherein the leading edge 1s adjacent to
the electrode assembly;

wherein the first and second plurality of ports are fluidly
bypassed in the first position.

12. The electrosurgical instrument of claim 11, wherein the
sheath assembly comprises a tube that 1s slidably movable
relative to and concentric with the shaft, the tube defining an
outer lumen between the tube and the shaft, the at least one
radial seal being disposed between an outer surface of the
shaft and an inner surface of the tube and sealingly engaging
the shaft and the tube.

13. An electrosurgical instrument for removing tissue from
a target site within or on a patient’s body comprising:

a shaft having proximal and distal end portions;

an electrode assembly comprising at least one active elec-
trode positioned on the distal end portion of the shaft and
a return electrode positioned on the shaft and axially
spaced from the at least one active electrode;

a movable sheath assembly disposed adjacent to the shaft
and defining an annular space around the shaft, the
sheath assembly having a leading edge and being mov-
able from a first position wherein the leading edge 1s
retracted proximally from the electrode assembly to a
second position wherein the leading edge 1s adjacent to
the electrode assembly, wherein the sheath assembly
comprises a tube that 1s slidably movable relative to and
concentric with the shaft, the tube defining an outer
lumen between the tube and the shait and having at least
one radial seal, the at least one radial seal being disposed
between an outer surface of the shaft and an 1nner sur-
face of the tube and sealingly engaging the shait and the
tube;

a fluid delivery element for delivering fluid to the target
site; said delivery element comprising an inner lumen
disposed along a portion of the shaft and a plurality of
ports extending radially through the shatt, the plurality
of ports in fluid communication with the mner lumen
and the annular space;

wherein the first and second plurality of ports are fluidly
bypassed 1n the first position, and wherein the first and
second plurality of ports are fluidly connected to the
outer lumen proximal to at least one radial seal 1n the
second position.

14. A system according to claim 11, wherein the electrode
assembly comprises at least one ablation electrode and at
least one coagulation electrode located on the shait, wherein
the ablation electrode and the coagulation electrode are axi-
ally spaced from the return electrode.

15. A system according to claim 11, wherein the sheath

assembly further comprises a grip operable to slide the sheath
assembly 1nto position.
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